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A case-control study comprising 224 male and 92 female incident lung cancer cases 
and the same number of individually matched hospital controls was conducted from 
June 1983 to June 1984 in Guangzhou, People’s Republic of China, to evaluate the 
association between indoor air pollution and lung cancer risk. Guangzhou residents 
were exposed to several sources of pollution in their homes, most importantly to 
cooking fumes. Increased hsks were found among subjects living in a house without a 
separate kitchen (the exposure odds ratio was 2.4 (95% confidence interval (Cl) 1.4- 
4.2) for men and 5.9 (95% Cl 2.1-16:0) for women). Similarly, living in a house with 
poor air circulation was associated with an exposure odds ratio of 2.1 (95% Cl 1.2- 
3.8) for men and 3.6 (95% Cl 1.4-9.3) for women. A trend in the association between 
lung cancer risk and factors pertaining to house and kitchen ventilation was observed, 
and a decreasing risk of lung cancer was observed for several Ivaria Wes indicating better 
ventilation, even after adjustment for potential 1 confounders such as education, occu¬ 
pation, living area, smoking, and history of chronic respiratory diseases. No statistically 
significant differences were found between cases and controls for frequency of cooking 
at home, presence of a chimney in the kitchen, or type of cooking fuel. Smoking was 
dearly related to risk of lung cancer in both men and women, and among nonsmoking 
women, exposure to tobacco smoke from their spouses was also associated with an 
increased risk. These results suggest that, in addition to smoking, indoor air pollution 
may be a risk factor for lung cancer. Am J Epidemiol 1993;137:145-54. 
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Lung cancer is the major cause of cancer 
death for both men and women in Guang¬ 
zhou, the main city in the Guangdong prov¬ 
ince of the Peoples Republic of China, rep¬ 
resenting about one fourth of all cancer 
deaths in that city. During the period 1981- 
1984, the crude mortality rates for lung can¬ 
cer in the Guangzhou metropolitan area 


were, respectively, 45 male deaths and 24 
female deaths per 100JXX) person-years (1). 
Although smoking is the most important 
cause of lung cancer (2-4), smoking behav¬ 
ior cannot fully explain the epidemiology of 
lung cancer in Chinese womens in whom 
there is a rather high incidence of lung 
cancer, predominantly adenocarcinoma, de- 
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spite relatively low smoking rates (5-12), 
The male:female ratio of lbng cancer inci- 
dence is about 2 in China (1, 13), even 
though there is a much bigger difference 
than that in smoking rates between menand 
women. In contrast, this ratio varies from 4 
to 10 in Western Europe and is about 2 in 
the United States (13), but with a much 
higher prevalence of current and former 
smokers among American women. 

During the last decade, increasing atten¬ 
tion has been paid to the health effects of 
the indoor microenvironment. Some studies 
have shown a positive relation of passive 
smoking to lung cancer risk (14-18), as well 
as an association with exposure to radon and 
its decay products (19-25). However, re¬ 
search results for other sources of indoor air 
pollution, such as cooking and heating, have 
been rather elusive and inconclusive (26— 
29). The goal of this study was to evaluate 
whether there is any relation between indoor 
air pollution resulting from domestic cook¬ 
ing practices and lung cancer occurrence. 

MATERIALS AND METHODS 

Newly diagnosed cases of primary lung 
cancer (International Classification of Dis¬ 
eases. Ninth Revision, code 162) were se¬ 
lected from eight major hospitals covering 
most of Guangzhou from June 1983 to June 
1984. All cases occurred in permanent resi¬ 
dents of the city of Guangzhou A total of 
327 lung cancer cases were identified from 
the medical records of these eight hospitals 
during that year. It was possible to complete 
an interview for 316 cases (224 men and 92 
women; 96.6 percent). Eleven cases were 
excluded because either they were too ill to 
answer the interview, they could not be 
traced, or they had already died. Fifty-five 
percent of cases were diagnosed by means of 
repeated chest radiographic examinations 
and clinical examination; 13 percent were 
diagnosed by bronchoscopy alone; and 32 
percent of the cases had cytologic or histo¬ 
logic confirmation. 

Controls who were also permanent resi¬ 
dents of the city of Guangzhou were individ¬ 
ually matched' to cases on age (to within 2 


years), sex, residential district (Liwan, 
Yuexiu, Haizhu, or Dongshan), and date of 
diagnosis or hospital admission. Controls 
were selected according to the matching cri¬ 
teria among inpatients of the surgery de- 
partments at six of the same eight major 
hospitals. No controls were chosen from 
either the Tumor Hospital or the Chest Hos¬ 
pital. Patients who had been admitted for 
chronic obstructive diseases of the lung, pul¬ 
monary tuberculosis, malignant tumors, and 
coronary heart disease were excluded. Each 
control was to be interviewed during the 2 
months following the interview of his/her 
matched case. In most instances, the first 
selected patient control was interviewed; 
only for 26 subjects were second-choice con¬ 
trols chosen because of an inability to trace 
the subject or because an individual was 
found to be inadequate regarding one or 
several of the matching variables. No subject 
refused the interview. 

The interview was carried out at the su 
ject’s home by trained epidemiologic work¬ 
ers using a structured questionnaire. All 
cases and controls were interviewed in per¬ 
son. The interviewers obtained extensive in¬ 
formation about the subject’s general de¬ 
mographic characteristics, occupational his¬ 
tory, history of respiratory diseases, family 
cancer history, smoking habits, spouse's 
smoking habits, cooking practices (including 
domestic fuel use), and residence history. 
After completing the questionnaire, the in¬ 
terviewer measured the size of the windows 
and doors that opened onto the outside of 
the building, thereby providing an estima¬ 
tion of ventilation capacity. The ventilation' 
capacity of the kitchen was analyzed sepa¬ 
rately from that of the rest of the dwelling, 
hereafter designated the living area. If the 
subject had lived in his or her present home 
for less than 20 years, the interviewer asked 
similar questions regarding the preceding 
residences and their ventilation conditions. 
In the latter case, given that no measure¬ 
ments were available, the ventilation condi¬ 
tions of previous residences were simply 
ranked as poor, average, or good based'on 
the questionnaire data. Data on up to three 
residences were collected; however, since the 
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TABLE 2. History of occupationaJ exposure and personal and familial history of selected diseases among 
lung cancer cases and controls, Guangzhou, People’* Republic of China, 1983- 1984 


Men 


Women 


Exposure 


No. 

of 

cases 


No. of 
controls 


EOR.T EORj* 95% CP 


NO, 

of 

cases 


No. of 
controls 


EOR, EOR a 95% Cl 


History of occupational ex¬ 
posure 


Nonet 

151 

184 

1.0 

1.0 


69 

78 

1.0 

1.0 


Dust 

20 

8 

2.6 

2.2 

0.78-6.2 

13 

4 

4.3 

8,0 

1.6-466 

Smoke 

23 

12 

2:1 

2.1 

0.89-5.1 

1 

2 

0.74 

0.57 

000-734 

Other 

30 

20 

1.7 

1.6 

0.72-3:5 

9 

8 

1.5 

1.0 

0.26-4.2 

History of pulmonary tuber¬ 











culosis 











Not 

137 

176 

1.0 

1.0 


70 

85 

1.0 

1.0 


Yes 

87 

48 

28 

2.4 

1.3—4.6 

14 

7 

22 

1.3 

0.39-4.3 

History of chronic bronchitis 











Not 

125 

185 

1.0 

1.0 


63 

79 

1.0 

1.0 


Yes 

99 

39 

3.9 

3.0 

1:6-5 5 

29 

13 

26 

0.90 

0.36-24 

Famity history of cancer 











NOT 

203 

216 

1.0 

1:0 


83 

86 

1.0 

1.0 


Yes 

21 

8 

2.9 

0.90 

0.62-1.3 

9 

6 

1,5 

0.94 

0.54-1 6 


• EOR,. matched exposure odds ratio; EORj, matched logistic exposure odds ratio, adjusted f6r education, ,occupation. kv»ng 
area, and smoking: Cl. confidence interval, 
t Referent. 


As expected, the subjects with lung cancer 
showed increased frequencies of occupa¬ 
tional exposure to hazardous working envi¬ 
ronments, a history of pulmonary* tubercu¬ 
losis, and a history of chronic bronchitis in 
both sex groups (table 2). When education, 
occupation, living area, and smoking were 
controlled for, the associations of lung can¬ 
cer with the above risk factors were not 
substantially modified among men. but they 
were attenuated or even disappeared among 
women, except for exposure to dust. In con¬ 
trast. the increased risk of lung cancer asso¬ 
ciated with a family history of cancer, found 
in univariate analysis, disappeared for both 
men and women when we controlled for the 
same variables. Smoking was strongly re¬ 
lated in a dose-response manner to the risk 
of lung cancer in both men and women 
(table 3). Ninety-five percent of male cases 
and 59 percent of female cases had ever 
smoked, compared with 80 percent and 25 
percent of male and female controls, respec¬ 
tively, The exposure odds ratios for lung 
cancer were 6.3 (95 percent confidence in¬ 
ternal (Cl) 2.7-15.0) and 4.9 (95 percent Cl 
2.3-10.4) among male and female smokers, 
respectively. An increased risk of lung cancer 


was also observed among nonsmoking 
women who lived with a husband who 
smoked the equivalent of 20 or more ciga¬ 
rettes per day (table 3). 

Table 4 presents information on the cook¬ 
ing practices of lung cancer cases and con¬ 
trols. Results showed that women bore the 
primary burden of cooking in the family. 
The majority of families cooked three times 
per day at home, and coal was the basic 
cooking fuel used. Questions were asked'on 
the type of fuel used during three historical 
periods (1949-1957. 1958-1976, and 1977 
to the present). Since cooking fuel is rationed 
by the government, there w*as little variation 
in fuel usage among families in Guangzhou. 
Before 1958, most families used wood and 
charcoal. From 1958 to 1976, they gradually 
turned to coal, andi gas was used only after 
1976. Results are presented for the most 
recent period, which is the only one in which 
differences between cases and controls could 
be distinguished. The history of coaliuse in 
Guangzhou was usually longer than 20 
years, and only in the past 3-5 years had a 
small proportion of families changed to pe¬ 
troleum gas as a domestic fuel. Very few 
families used mainlV electricity or kerosene 
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TABLE 3. Exposure to smoking among lung 
cancer cases and controls, Guangzhou, People’s 
Republic of China, 1983-1984 


Exposure 

No. of 
cases 

NO. Of 
controls 

EOR* 95% Cl* 

Active smoking (pgarette 




equivalents smoked 
per day) among 
men 




Never smokerf 

12 

44 

1.0 

1-19 

21 

93 

1.2 0,43-3.5 

20-29 

97 

66 

7.1 2.6-19.5 

*30 

94 

21 

21.4 7.1-64.0 

X* for trend - 99.6 

p < 0.001 




Active smoking (cigarette 




equivalents smoked 
per day) among 
women 




Naver smokerf 

38 

69 

liO 

1-9 

8 

10 

1.6 0.57-5,9 

10-19 

16 

9 

3.5 1.2-9:8 

*20 

30 

4 

17.9 4.0-80 6 

X* tor trend - 28:0 
p < 0.001 




Passive smoking among 




nonsmoking women 
(cigarette equiva¬ 
lents smoked per 
day by, husband)* 




Not exposedt 

13 

32 

1.0 

1-19 

6 

21 

0 7 0.23-2.2 

*20 

19 

16 

2.9' 1.2-7,3 

X* for trend - 4.5 

P- 0.034 





• EOR, matched togistic exposure odds ratio. adjusted for 
education, occupation, and living area, companng never smokers 
to present and former smokers combined; Cl. confidence interval, 
ti Referent. 

t Unmatched method was used. 


for cooking. In the kitchens of more than 60 
percent of families, there was no chimney or 
other apparatus for extracting fumes. No 
significant case-control differences were as¬ 
sociated with the above variables. 

Information on the use of cooking oil was 
not formally included in our study. In the 
People's Republic of China, cooking oil is 
rationed by the government-controlled food 
and oil company, and in Guangzhou, the 
main cooking oil used is peanut oil (for a 
short time it was bean oily Rapeseed oiliwas 
not widely available, and we did not expect 
•to find any differences in the types of oil 
being used, because all Guangzhou residents 
are dependent on the same government sup¬ 
ply. 


Analysis of the effect of ventilation con¬ 
ditions on lung cancer risk was conducted 
for housing at the time of diagnosis and 
interview, as well as housing where subjects 
had lived the longest; finally, data were surm 
marized over all residences. The results of 
these analyses were similar (data not shown); 
therefore, this paper presents only the results 
of the analysis for current ventilation con¬ 
ditions. In addition, the proportions of cases 
and controls who had moved during the past 
10 or 20 years did not differ significantly, 
and duration of residence in the current 
housing was similar for cases and controls. 
For most subjects, the current residence was 
also the longest residence. 

Table 5 shows that after adjustment for 
education, occupation, occupational ex¬ 
posure, pulmonary' tuberculosis history, 
chronic bronchitis history', family cancer his¬ 
tory- amount of smoking per day, and living 
area, as well as passive smoking (for women 
only), several variables pertaining to venti* 
lation conditions were strongly associated 
with lung cancer risk. There was increased 
risk associated with having a window or door 
opening from the kitchen directly into the 
living area or bedroom, and for cooking in 
the living area or bedroom. For cooking ini 
the living area or bedroom, the exposure 
odds ratio was 2.4 (95 percent Cl 1.4-4.2) 
for men and 5.9 (95 percent Cl 2.1-16.0) 
for women. Having windows or doors that 
opened in different directions so that indoor 
air could circulate also significantly influ¬ 
enced the risk of lung cancer. The relative 
risk for lung cancer tended to decrease with 
increasing size of ventilation openings in 
living areas and kitchens. For the best ven¬ 
tilated living area as compared with the least 
ventilated, the exposure odds ratio for lung 
cancer was reduced to only 0.14 (95 percent 
Cl 0.04-0.51) for men and 0.02 (95 percent 
Cl 0.00-0.2]) for women. The exposure 
odds ratios for kitchen ventilation were 0.15 
(95 percent Cl 0.05-0.44) for men and 0.06 
(95 percent Cl 0.01-0.32) for women, re¬ 
spectively. The differences were statistically 
significant A similar trend was found for 
the ceilingheight throughout the apartment, 
buti no clear trend was seen for the floor on 
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TABLE 5, Ventilation conditions in the homes of lung cancer cases and controls, Guangzhou, People’s 
Republic of China, 1983-1984 

Ventilation factor 



Men 




Women 


NO Of 
cases 

No Of 
controls 

EOR/ 

f EOR,* 

95% CP 

Nb. of 
cases 

No. of 
controls 

EOR, 

EOR 3 - 

95% Cl 

Separate kitchen 











Vest 

72 

113 

1.0 

VO 


29 

52 

1.0 

VO 


No 

152 

111 

2.0 

2.4 

14-4.2 

63 

40 

3.1 

5.9 

2.1-16.0 

Good air circulation 











Vest 

90 

120 

IlO 

10 


38 

60 

VO 

1.0 


No 

134 

104 

1.7 

2.1 

1:2-3,8 

54 

32 

3.0 

3,6 

1.4-9.3 

Size of ventilation openings in 











Irving area (rn 3 per per- 











son) 











0.0-0 4 T 

47 

46 

VO 

VO 


16 

6 

VO 

VO 


G.5-0.9 

86 

69 

0.53 

0.39 

0.14-1.11 

36 

23 

0.69 

0.36 

0.09-1.5 

1.0+1.9 

38 

53 

0.33 

0.30 

0.10+0,91, 

22 

24 

040 

0.25 

OjOS-VI 

2.0-39 

22 

30 

0.33 

0.24 

0.06-0.90 

9 

13 

0.24 

0.14 

0.02-0.89 

*4.0 

31 

24 

0.28 

0.14 

0.04-0.51 

9 

26 

0.1V 

0.02 

0.00-0.21 

X* for trend 


14.5 (p< 0.001) 



18.0 (p < 0.001) 


Size of ventilation openings in 











kitchen (m 3 per family) 











0.0-0 4f 

79 

41 

1.0 

1.0 


22 

8 

1.0 

VO 


0.5-0.9 

58 

52 

0.55 

0.77 

0.36-1.7 

27 

25 

0.29 

0.11 

0.02-0.60 

1.0-1.4 

48 

59 

0.38 

0.23 

0.10-0.56 

24 

22 

0.31 

0.13 

0.02-0.74 

1.5-19 

19 

31 

0.28 

0.49 

0 16-1.5 

7 

13 

0.15 

0.09 

0.01-0.63 

*2:0 

20 

41 

0.20 

0.15 

0.05-0.44 

12 

24 

0.16 

0:06 

0.01-0.32 

x 2 for trend 


25.7 (p < 0.001) 



10.3 (p < 0.001) 


Height of room (m) 











<2.8t 

61 

45 

1.0 

V0 


22 

12 

vo 

1.0 


2.8-31 

72 

71 

077 

0.91 

041-2.0 

30 

26 

0.62 

0.54 

0.09-1.3 

*3.2 

91 

108 

0.65 

0.64 

0.31-1.3 

40 

54 

0.39 

0.23 

0.06-0.84 

X 2 for trend 



3-5 {p- 

0.06) 



5-5 (p » 

0.02) 


Floor of apartment 











Groundt 

106 

92 

VO 

1.0 


50 

32 

1.0 

VO 


1 

77 

78 

0.85 

0.79 

040-1.5 

23 

34 

0.30 

0.12 

0.03-046 

2+3 

27 

34 

0.66 

0.88 

0.36-2.1; 

14 

22 

0.29 

0.11 

0.02-0.54 

24 

14 

20 

0.59 

0,62 

0.20-1.9 

5 

4 

0.56 

0.72 

0.07-7.01 

X 2 for trend 



3.0 (p- 

0.08) 



50 (p- 

0.02) 



•EOR,. matched exposure odds ratio; EOR*. matched logistic exposure odds rat®, adjusted for education, occupation, 
occupational exposure, history of tuberculosis, chronic bronchitis, family history of cancer, smoking, and Wmg area; Ctj confidence 
interval; EOR s . matched logistic exposure odds ratio, adjusted for passive smo+ung ri addit®n to aM of the variables lasted above, 
t Referent. 
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able on a scale smaller than the district. We 
knew that separation of the effects of out¬ 
door air pollution from those of indoor air 
pollution might be difficult. This led us to 
match on residence as a proxy for matching 
on outdoor air pollution level. In addition, 
our results, demonstrating a clear reduction 
in risk of lung cancer for living in a house 
with large openings onto the outside, indi¬ 
cate that outdoor air pollution is unlikely to 



explain or confound the association found 
between lung cancer risk and indoor sources 
of air pollution. 

Our results showed that comparability be¬ 
tween cases and controls with regard to basic 
demographic variables w^as good, suggesting 
that these demographic variables might not 
have a major confounding effect. Further¬ 
more, education and occupation, which 
were considered good representative vari- 
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ables of social class, were also controlled for 
in the analysis. 

Since the number of cases in each histo¬ 
logic category was limited, a separate analy¬ 
sis could not be carried out for the associa¬ 
tion of indoor air pollution with specific 
histologic types of lung cancer. Some diag¬ 
nostic error may also have occurred. How¬ 
ever, undifferential misdassification of cases 
and controls usually leads only to a bias 
toward the null and cannot explain the ob¬ 
served results. 

It is possible that some social class differ¬ 
ences between cases and controls could ac¬ 
count for part of the difference in ventilation 
conditions. The finding of a higher risk of 
lung cancer among subjects living at street 
level could be explained by a higher concen¬ 
tration of both indoor and outdoor air pol¬ 
lutants on the ground floor as opposed to 
higher floors, where natural ventilation is 
usually better. Social class, whidvis closely 
linked with housing conditions in China, 
was nevertheless more strongly associated 
with the total surface of the living area than 
was the specific measure of ventilation. Al¬ 
though cases had smaller living areas than 
controls, the difference was not substantial. 
After adjustment for education, occupation, 
and living area, the relation between venti¬ 
lation conditions and lung cancer risk re¬ 
mained. This means that any bias linked to 
social status cannot be a major confounder 
of the observed association. Recall bias can 
affect most retrospective studies; however, 
in this study, the size of ventilation openings 
was objectively measured, so the association 
between ventilation conditions and lung 
cancer risk cannot be an artifact of recall 
bias. 

Smoking was the major cause of lung 
cancer in both sex groups, and a clear dose- 
response relation was observed between the 
amount of tobacco smoked and lung cancer 
risk. High smoking rates were observed in 
both male and female groups. These rates 
were higher than those obtained from a case- 
control study of lung cancer carried out 
among Shanghai Chinese women (IT) but 
similar to rates from other studies (6* 10, 18, 
34): The subjects of this study belonged to 


an older population and had relatively low 
social status (a low educational level and the 
major occupation of worker); These two fac¬ 
tors are known to be associated withi high 
smoking rates (35). Furthermore, the defi¬ 
nition of a smoker in this study included 
both ever and current smokers. For instance, 
if we had counted only current smokers, the 
smoking rate would have been reduced to 
!4 percent in female controls. Passive smok¬ 
ing may also account for some excess risk, 
although increased risk was only observed 
in the women living with husbands who 
smoked heavily. No effect' was seen for 
women married to light smokers. This may 
be explained by the reduced sample size and 
by the imprecise quantification of passive 
smoking. The results of other studies in 
Chinese women have suggested that passive 
smoking contributes to a slight increase in 
lung cancer risk (11, 18). 

Several reports of environmental 1 moni¬ 
toring showed that the concentrations of 
nitrogen oxide, sulfur dioxide, benzo(a)- 
pyrene, and total suspendedparticulate mat¬ 
ter in Guangzhou were higher in dwellings 
than in the outdoor atmosphere and varied 
according to time of day and season (36). 
Three peaks of pollutant concentrations dur¬ 
ing the day were correlated with cooking 
activities. Results of studies also showed that 
there were higher concentrations of sus¬ 
pended dust and suspended benzo(a)pyrene 
in the rooms and urinary benzo(fl)pyrene in 
housewives in households where coal was 
used as a cooking fuel compared with house¬ 
holds where petroleum gas was used (36, 
37). Results of a study conducted in the 
north of China showed that use of coal for 
heating elevated the risk of lung cancer in 
comparison with use of gas. Cooking in the 
bedroom was also related to an excess risk 
(34). High mortality from female lung can¬ 
cer in Xuan Wei County, Yunnan Province, 
was also associated with the combustion of 
smoky coal at home (38). These results in¬ 
dicated that home cooking practices were a 
major source of indoor air pollutants and! 
that coal produced more severe air pollution 
than other kinds of domestic fuel. 

Evidence also comes from the evaluation 
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of occupational exposure to coa! burning. 
Steel, gas. and coke oven workers have an 
elevated risk of lung cancer (39-45). The 
results of animal experiments have demon¬ 
strated that some components of coal fumes 
are carcinogenic or mutagenic (38» 46, 47). 
Since coal use, frequent home cooking, and 
lack of an apparatus for extracting fumes are 
universal in Guangzhou, it was difficult to 
find a significant difference between any 
population groups. However, this indicates 
that severe indoor air pollution exists for 
most families in Guangzhou, where people 
live in comparatively overcrowded condi¬ 
tions with poor ventilation. Better ventila¬ 
tion of houses could thus play a key role in 
improvement of the indoor microenviron¬ 
ment, and dissimilar ventilation conditions 
could be responsible for different exposure 
levels of lung cancer cases and controls. 
During the study period, there was in most 
houses no artificial ventilation such as air 
conditioning, so the indoor microenviron¬ 
mental conditions depended mainly on nat¬ 
ural ventilation. The area of ventilation (as 
defined by the area of openings to the out¬ 
side) was a good representative measure of 
ventilation conditions. This is in agreement 
with other studies on indoor air pollution 
showing that the concentrations of pollu¬ 
tants are greatly affected by ventilation (19, 
34). 

In summary, the results of this study sug¬ 
gest that indoor air pollution produced dur¬ 
ing home cooking is a risk factor for lung 
cancer in Guangzhou; especially for women, 
who are more likely to be exposed to coal 
fumes and cooking oil vapors in the kitchen. 
This could contribute to the high rate of 
lung cancer in Chinese women. Further in¬ 
vestigations are needed to clarify the precise 
nature of indoor air pollutants and their 
carcinogenic mechanisms. It would also be 
informative to conduct studies by major his¬ 
tologic type, particularly in Chinese women, 
among whom adenocarcinoma is unusually 
frequent. Finally, this study was not de¬ 
signed to evaluate the effect of outdoor air 
pollution; that must be left to future re¬ 
search. In the meantime, our data indicate 
that in Guangzhou, there are sources of in¬ 


door air pollution which play a role in the 
occurrence of lung cancer independently of 
active smoking and outdoor air pollution. 
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